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COATING DEVELOPMENT

Lite investigation of the oxidation behavior
and tensile properties of hafnium-base alloys coa-
taining tantalum plus other minor additions has con-
tirued at IIT Research Institute.{l) The intended
uso for such alloys lies in structural components
or claddings for other refractory metals. Cyclic
oxidation tests were conducted on the three most
oxidation-resistant alloys developed in previous
programs. Weight-gain curves for all three alley
variations were similar; they were linear from
1200 to 1800 I and parabolic from 2000 to 2700 F.
Tvpical results are presented in Figure !. Scale-
srowth behavior of the three alloys was also simi-
lar, as indicated im Figure 2. The change from
linear to parabolic oxidation was the result of
precipitation of the alpha hafnium phase from the
boeta matrix caused by oxvgen, followed by preferen-
tial oxidation of the alpha-rich areas. The re-
sulting subscale provided a buffer to stresses
causcd by expansion mismatch of the surface oxide FIGURE 1. WEIGHT GAIN OF HOT-ROLLED Hf-24.STa-1.2Cr-
and substrate. Since the length of thermal cycle 0.668-0.12A1 ALLOY IN STATIC Arr(1)
used (2 and 12 hours) gave essentially the same
results, oxidation life apparently was not affected - -
by cycling through the temperature range of linear Py 20 tr
oxidation. Preoxidation for 10 to 20 hours at 100 r,} Hf-245Ta -1 5Cr-0668
2500 F permittcd exposure of the alloys, generally
up to 100 hours at 1200 to 1800 F, with almost no 20 hr
measurable weight gain. The solidus of the three 100 hr
alloys ranged between 3000 and 3100 F compared with 20 br
3900 F for the Hf-25Ta binary alloy. 100 hr

Weight Goin, mg/cm®

Time, hours

} Hf -245Ta-12Cr-0668 - 0124l

8
!
pe 0@ ON

} Hf-235Ta-18Cr-1.1Si

)
1

Extrapolation of IIT Research Institute test
results indicated that an expected life for a 20-
mil-thick cladding would be about 1000, 300, and
106 hours at 2200, 2500, and 2700 F, respectively.
A composite consisting of Ta-10W clad with 20 mils
of [1£-24.5Ta-1.2Cr-0.6568-0.12A1 survived 300 hours
at 2500 F. The projected life thus was essentially
realized in the composite, although visible cracks
were present in a welded-seam closure of the clad-
ding after 20 hours of exposure.
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According tc a British investigation, boron- o 1 1 1 1 i I
modi fied silicide coatings were more protective on 2200 2300 2400 2300 2600 2700
15-0.5Ti alloy than the umnmodified silicide, Temperatura, F

' - . e '(JJ g
particularly under cyclic conditions. o Silicon FIGURE 2. TOTAL SCALE THICKNESS DEVELOPED ON HAFXIUM-
and boron were deposited on alloy specimens, re- BASE ALLOYS IN STATIC AIR EX

tivelv, from gaseous SiCl; and BF. The weight P AIR EXPOSURES AT
spec ¥, 2200 TO 2700 ¥(1)

of boron deposited was nominally 10 percent of the
silicon deposited. Isothermal air-oxidation re-

sistance of the unmodified silicide 2 mils thick was 30 to 150 cycles. In comparison, the isothermn]
was nominally 700 hours at 2190 F. The resistunce life of the boron-modificed silicide was four times

in 20-minute cycles from room temperature to 2190 F longer and the cyclic life was 50 times greater. On
This document is subject to special export controls and each transmittal to forcign governments or ‘creign nationals may be made only
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the basis of cyclic oxidation and pest oxidation®
tests in a simulated engine-exhaust environment,

the wmodified costing had a lower life at 2010 P
maximum tempcrature than at 2190 F, Specimens that
fajled in 2010 F tests showed that oxidation oc-
curred through microcracks and pinholes in the coat-
ing. Specimens in 2190 F tests failed by diffusion
consumption, resulting from the formation of the
less oxidation-resistant MosSis phase. On the basis
of metallogrsphy, electron probe, and X-rsy snaly-
sis, the beneficial effect of boron appears asso-
ciated with the formation at 2190 F of a thermally
stable cristobalite phase containing small amounts
of boron and molybdenum. Miniature Charpy impact
tests indicated that coated unnotched specimens
behaved similarly to notched uncoated speciméns by
exhibiting brittle behavior up to 390 F.

" Improved costings arve heing daveln,ed by — -
F;'Ivasduilaeer‘t )fmdu'cts for columbium-alloy gas-
turbine blades. On the basis of cyclic-oxids-
tion screening tests on Su-31 alloy (Cb-17W-3,5Hf-
0.12C), a number of coatings have been selected for
further evaluation. For example, Si-Fe-Cr fused-
silicide coatings containing 20 to 25 percent iron
and 20 to 25 percent chromium have given satisfac-
tory protection for 500 hours at 2000 F and over
200 hours at 2200 F in static air. Ballistic im-
pact damage on all candidate coatings prior to oxi-
dation exposure for 10 hours at 2000 or 2200 F re-
sulted in a locally contaminated substrate zone.

HARDWARE EVALUATION

An investigation of the feasibility of Sn-
Al-Mo-coated Ta-10W alloy heat snields has been
conducted at NASA/Langley.(4) No significant dif-
ference in cyclic oxidation life in static air at
2000 to 2900 F was found between small coupons cost-
ed with Sn-27A1-5.5Mo or Sn-27.5A1-6.9Mo. Accord-
ing to inforsation presented in Figure 3, reduced
coating life was found in the shorter cyclic expo-
sures.

The life of both coatings as determined
from 0.1-hour exposures in static air (see lower
curve in Figure 3) was reduced by & factor of 4 to
normally 0.5 hour under subsonic sirstream condi-
tions. Most significant was the catastrophic fail-
ure of leading-edge specimens from substrate igni-
tion shortiy after the first evidence of coating
failure at and above 2600 F. Normally, sutoignition
of tantalum snd its alloys does not occur at temper-
atures below about 3000 F. One considerrtion is that
coating oxidation products or costing compounds pres-
ent in the Sn-Al-Mo costing fluxed tantalum oxide,
thereby permitting sutoignition at lower tempera-
tures.

Both the coating and oxidation exposure
csused reductions in substrate ductility. For ex-
ample, the slongation of 8-mil-thick Ta-10W alloy
sheet was reduced from 20 to 10 percent by the cost-
ing and to 1 percent after S hours of exposure in
static air at 2600 P, Ductility reduction was less
sovere in 25.mil-thick sheet.

Corrugated Sn-Al-Mo-coated Te-10W hest-
shield assendlies were prepared and could accommo-
date large temperature differences between shisld
rd mdorlying nu:m with no loss o(lstmtunl

» ty. No coating dsmage wes found slomg over-
| “g: surfsces and on nested, curved shields
3! two cyclic @ - to 2600 F in static air.
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FIGURE 3. EFFECT OF TEMPERATURE AND CYCLIC EXPOSURE
ON COATING LIFE OF Sn-27.5A1-6.9Mo-
COATED Ta-10W COUPONS IN STATIC AIR(4)

Assesblies {oimd by resistance spot welds, heli-
arc spot welds, or rivets were tested, and general
failure occurred in 9, 11, and 12 cycles totalling
2.7, 3.3, and 3.6 hours, respectively. These time
periods were sbout one-half of those predicted from
small-coupon data, caused probasbly by nonuniformities
in the coating. Fusion between interlocking shields
was not in evidence. Premature coating failures at
the heat-shield plugs and access holes occurred at
2600 F snd indicated that changes would be needed in
design and/or fabrication methods to reduce fric-
tional shear loading on the coating.

Pratt § Whitney has started s program to
svaluate coated colusbium alloys for use in aircraft
gas-turbine emgine burmer-can-liner applications. (S
Failure modes were identified as oxidation-erosiom,
cracking, buckling, and burning. The corresponding
umaterial properties wers oxidation srosion, thermsl
fatigue, creep, and melting. Four coated columbium-
alloy :{ltm were selected from preliminary screen-
ing. o substrates to be evaluated include FS-85,
3-66, and C-129Y colwbium; the coating candidates
include Sylvania's RS12A (Si-20Cr-STi) sad RS12E
(84-20Cr-20Ps) .
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